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Abstract 
We present a collaborative teaching model used in the practical classes of Manufacturing Engineering. This model has been 
developed by teachers from one of the Innovative Educational Groups “Nuevas Metodologías Docentes en Ingeniería Mecánica y 
de Fabricación” (New Learning Methodologies in Mechanical Engineering and Manufacturing) at Universidad Politécnica de 
Madrid (UPM). It is implemented in the five degrees presently taught at the Escuela Técnica Superior de Ingeniería y Diseño 
Industrial (ETSIDI) (Faculty of Engineering and Industrial Design) at UPM. In this model, traditional practical lessons are 
combined with a Web platform, developed on our own, named “Plataforma Educativa de Prácticas Académicas” (PEPA) 
(Academic Learning Platform for Practical Classes), that allows both the automatic registration of the results from laboratory 
classes and the evaluations by teachers, automatically or manually. 
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1. Introduction 
Traditionally, education in engineering has been based on one-way communication from the teacher to the student 
through classical classes. During the course, students behaved as a taxpayer, only receiving information from 
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teachers but not interacting in the learning process. The student’s response occurred only at the end of the course, 
during the final examination. 
This educational system drastically changed with the introduction of the European Higher Education Area 
(EHEA). Nowadays, students in Engineering of the Escuela Técnica Superior de Ingeniería y Diseño Industrial 
(ETSIDI) (Faculty of Engineering and Industrial Design) at UPM, are actively involved in the teaching – learning 
process. A continuous both sides, teacher-student and student-teacher, communication exists. This paper is based on 
collaborative learning, continuous assessment, teamwork, increased practical classes, etc., that has given a 
substantial change in teaching, leading to an improved student learning process and allowing for continuum tracking 
of results [1]. The development of the current system of education has determined a large increase of work by the 
teacher: preparation and correction of partial exams, class activities, group work, laboratory, etc. This situation is 
exacerbated by increased enrolment in our school, as well as by the reduced number of teachers due to the economic 
crisis. All these circumstances have led to the search for new teaching methodologies that help the teacher and the 
student in the development of its activities [2-3]. 
In this paper a methodology, that aims to improve and facilitate the teaching of laboratory practical classes of the 
subjects belonging to the area of Engineering of Manufacturing Processes, managed through a Web platform named 
“Plataforma Educativa de Prácticas Académicas” (PEPA) (Academic Learning Platform for Practical Classes), is 
presented. Practical classes are a basic aspect in training students of the Degrees of Engineering, particularly in the 
field of Manufacturing Engineering. Therefore, given their importance in the evaluation process and, in particular, in 
the continuous evaluation, there is the need of a new tool that improves and simplifies all the procedures, with the 
aim to optimize the assimilation of subjects contents by the students, while reducing the time needed to correct 
exercises by the teacher. In the field of Manufacturing Engineering, several subjects require delivery of practical 
exercises: Manufacturing Technologies, Computer Aided Manufacturing, Dimensional Metrology, etc. These 
practices consist of various exercises, ranging from the implementation and development of programs for 
manufacturing parts in ISO language for Numerical Control, development and execution of NC programs with 
computer aided support (CAD-CAM), development and implementation of programs for the management of 
automation systems for supply of spare machines or for optimizing manufacturing processes until the calculation 
associated with calibration processes or procedures for conducting indirect measures, etc. 
As mentioned before, handling all these practical exercises, is very time consuming for the teacher. On the one 
hand, the receipt of the exercises, either on paper or electronically through the e-mail, implicates a saturation of 
physical and electronic mailboxes and forces the teacher to put a limit on the time of delivery, the number of 
exercises delivered by each student, the validity of the given file type, etc. as well as the storage of all of them for 
possible revisions. Furthermore, the evaluation of these practices involves testing the numerical results obtained by 
each student and executing files CNC, CAM, etc., sent by students for evaluation, etc. 
The PEPA platform improves and facilitates activities related to the delivery and correction of laboratory 
practical work. It allows managing deadlines and modes of delivery practices by students, preventing the student 
delivers after the deadlines or with incorrect formats. Moreover, we can set assessment deadlines and make manual 
or automatic corrections, depending on the type of exercise. The application stores all the delivered practical work, 
hence creating a database with information from all practical exercises of each student with marks obtained in each 
subject. 
2. Background and didactic aspects of the platform PEPA 
The proposed didactic model is performed in a learning environment on-line that has been fully developed by the 
Educational Innovation Group “Nuevas Metodologías Docentes en Ingeniería Mecánica y de Fabricación” (New 
Learning Methodologies in Mechanical Engineering and Manufacturing), from UPM, from the academic year 2009-
2010 with the completion of Teaching Management Platform named PGDnet (Plataforma de Gestión Docente) [4].  
Most universities use external development platforms such as: Blackboard LS, CMU Online, CourseInfo, 
Moodle, TopClass, Virtual-U, etc. In some cases, platforms incorporate internal tools or utilities for editing, design 
and implementation of self-assessment exercises; in other cases the implementation is done through external 
programs building exercises like: Quizmaker, QuestionMark, Qform, QuizCode, Hot Potatoes, etc. [5-12].  
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The PGDnet application is a platform for the publication of exercises (especially numerical) and automated 
correction of them, repository notes and other academic papers, as a sophisticated communication tools (e-mails 
automatic), etc. From the year 2010-2011 this new teaching model, through the use of PGDnet platform, has been 
using massively in the different subjects belonging to the five Degrees of the ETSIDI and used by more than 1000 
students from different courses and over 10 teachers, with remarkable success. The success of its use has been, from 
our point of view, decisive, since practically 100% of students have used the platform to perform on-line problem. 
The level of students that have passed the exams has been increased by more than 50% on the equivalent of these 
subjects given in the previous curriculum studies “Plan 2002” [4]. Ultimately, the application has been developed to 
suit our needs (common, moreover, most of the subjects of our degrees). 
While using PGDnet, we have seen a new need not raised at first time. It concerns the correction and delivery of 
laboratory practices works. 
Regarding this, we found that, especially the degree of in Mechanical Engineering, in the areas of Mechanical 
Engineering and Engineering Manufacturing Processes, there are many compulsory subjects with a very 
considerable practical workload, including: Manufacturing technologies; Flexible Manufacturing Systems; 
Computer aided manufacturing; Metrology and quality; Analysis and synthesis of mechanisms; Theory of machines 
and mechanisms; Machine Design I and II. 
All of them have a common characteristic: the realization of the practical results in different ways: Physical 
interaction with equipments; Computer simulations; Collection of exercises, etc. 
In all cases, students must complete a written document (form, booklet, CAD, CAM and CNC programs, EXCEL 
sheet, etc.) that teachers correct and evaluate, usually at the end of the semester. We have considered that this form 
of traditional procedure could be modified to ensure students a better and more rational learning process. Therefore 
through the PEPA platform, described in this paper, we intend to replace traditional procedure practices by an 
automated system “on-line” that allows comprehensive management practices works at any time. For this, the 
system must be able to manage the sending and correction of practices, and should also incorporate a stochastic 
model that allows the generation of “several” practices for each student. The principal difference with another kind 
of educational platform, cited above, is due to improve the e-learning due to its flexibility. 
The actual presentation model and the method of assessment remain traditional, even if for some time we have 
been incorporating virtual practices and computer simulations. This proposal aims at providing greater autonomy 
and independence to the student, greater versatility to the content, making differentiated practical cases for each 
student, incorporating correction systems and publishing notes “on line” and in real time (so far the student hardly 
know your mark until the end of the semester) and, ultimately, providing an added value to the learning process of 
students and their intellectual development with subsequent understanding of many other materials, primarily those 
with higher technological orientation. 
The PEPA platform, Fig. 1, consists of a module to deal with practical results that enables the delivery of 
practical exercises in different formats (PDF, Excel, Word, MatLab, etc.). This module, that will be accessible for all 
students once the laboratory class is finished, allows the correction of practical works in two forms:  
x Manual correction: the teacher corrects the practice in a traditional fashion.  
x Automatic correction of practical exercises that students can download directly from the same application on an 
equal format for all of them. Once the deadline is finished, the students can access the platform to see their 
marks, depending upon the kind of practical work, and the solution. 
208   P. Maresca et al. /  Procedia Engineering  132 ( 2015 )  205 – 212 
 
Fig. 1. access page of PEPA.  
The platform provides access to three different profiles: administrator and teacher (private website) and student 
(public web). Different functions and/or privileges are associated to each profile (Table 1). 
Table 1. Functions and privileges of different profiles access. 
Administrator Teacher Student 
Create/cancel/modify: 
Teacher 
Subjects 
Practical class 
Kind of delivery 
Students 
Evaluation 
Referred to his/her subjects: 
Create/cancel/modify: 
Students 
Practical class 
Kind of delivery 
Referred to their enrolled subjects, access 
to: 
Practical class 
Kind of delivery 
Marks 
Attachment files  
Solutions 
Link/unlink  
professors to the subjects  
Referred to his/her linked subjects: 
File Management database 
Deadline of delivery 
Solutions 
Evaluation and marks 
Communication with students 
 
Changing password of teachers  
Referred to his/her students of linked 
subjects, access to: 
Files attachment  
Marks  
 
Managing communications with all students 
and teachers 
  
File management database    
Analysis and repair of application errors   
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The process begins when the administrator discharged to a teacher and a subject, and links to each other (Fig. 2 
and 3). 
 
 
Fig. 2. new subject. 
 
Fig. 3. new teacher. 
From that moment, the teacher can access the application via an alphanumeric password, enlist students (Fig. 4), 
create a practical class associated with his/her subject and the practical deliveries (Fig. 5 and 6). 
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Fig. 4. new student. 
 
Fig. 5. new practical class. 
The application allows two different types of deliveries: automatic correction and manual correction (Fig. 6). 
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Fig. 6. new delivery of manual correction. 
3. Technological and managerial aspects of the application 
The platform has been developed with LAMP technology: Linux (operating system), Apache (web server), 
MySQL (database manager), PHP and jQuery (programming languages). The Web server physically located in a 
laboratory of the Department of Mechanical Engineering, Chemistry and Industrial Design at UPM works with 
Ubuntu 8.04 Server operating system. In addition, it houses all pages of the application and installed phpMyAdmin 
to manage easily and conveniently. In addition, the web server has a mail server that is used for communication with 
students and teachers. The database, implemented with MySQL and non-transactional MyISAM engine, is 
structured in 9 tables. The languages used for developing the platform are PHP and jQuery, embedded into HTML. 
The open source language PHP has a simple API to access the MySQL database [13-14]. A framework for 
operations with the database is also used. The application includes a record of errors or exceptions that improves the 
way the program. For graphical interface we use a template. 
We implemented basic security measures to prevent intrusion of unwanted users and loss of information: (a) we 
use a firewall implemented through iptables, which defines rules to be applied to each packet incoming network 
server: we can accept, deny, or route, (b) to avoid loss of information, a recovery system exists on the server that, at 
regular intervals, make backup copies of the database. 
4. Pilot study 
In order to evaluate its effectiveness and reliability, the PEPA platform is under use during the academic year 
2014 - 2015 as a tool for online delivery of the practical works of the subject Flexible Manufacturing Systems, for 
the students of the fourth year of the Degree of Mechanical Engineering and in the Computer Aided Manufacturing 
course for fourth year students of Engineering Degree in Industrial Design and Product Development. To this end, 
we have created two pilot groups, one for each subject, formed by 15 and 20 students respectively, voluntarily 
participated in this experience. Moreover satisfaction results were analyzed by teachers who have chosen to test the 
platform. The effectiveness and acceptance of PEPA will be evaluated at the end of the semester through an 
anonymous survey of students and teachers who participated in this pilot. In this way, it is intended to evaluate the 
usefulness of PEPA and to assess possible improvements and/or changes through the analysis of possible criticisms. 
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5. Conclusions 
We will be able to make a more accurate and detailed analysis of the effectiveness and efficiency of the PEPA 
platform only at the end of the semester. From our educational point of view the most significant conclusion is that 
the PEPA platform gives students some autonomy in the learning process and a much more active role. For what 
concerns the teachers, PEPA can improve and facilitate the teaching of practical laboratory classes. 
It seems appropriate to us, especially at this early stage of development, to indicate guidelines for future platform 
enhancements 
x Incorporation of an on-line module for students to previously exercise on the practical classes. They act on: (a) a 
system of interactive training that offers basic principles on the techniques and competences that will be 
explained during the face to face sessions. Each activity in the training path will be posted on-line before the 
actual session, so that every student can have the required previous preparation and/or the due review for an 
adequate progress of the practical session. (b) Accomplishment of the assessment modules –at the end of each 
training period, in order to check the acquired knowledge by means of test or any other assessment procedures. 
The marks obtained here will be included in the final mark.  
x Incorporation of a module of bi-directional communication teacher-student that provides feedback via a wall, 
chat, etc. and allows interaction to report any issue, in the event of modifications, and for any question related to 
the exercise. 
x Application of this type of environment to other types of subjects. 
x Development of a new module that allows the participation of two or more students in the same practical works. 
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